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Executive summary
Food is essential for life and livelihoods. Hazards in food can make it unsafe for human consumption, depending on 
their levels and how they are amplified or reduced on the farm to form pathway. A study to assess occurrence of food 
hazards in East Africa (EA) using a rapid literature review approach was designed. In addition to foods, studies reporting 
important foodborne diseases, in animals and humans, were considered. Searches were done in PubMed, CAB Direct, 
and Google Scholar databases. Data were extracted from 71 publications, which together yielded 228 records: animals 
(51), humans (65), food (97), and vegetables (15). A separate desk search was used to capture chemical hazards. Several 
hazards or hazard proxies were found in animal-source foods, and included Staphylococcus spp (16%), E. coli (18%), and 
Campylobacter spp (18%). In vegetables, Salmonella spp were the most commonly reported hazards (and accounted for 
about one third of the reported cases of vegetables contaminated with hazards or hazard proxies). Cholera, 
salmonellosis, botulism and anthrax were among the disease outbreaks observed in the review. A number of studies 
reported aflatoxins and heavy metal presence, some at levels beyond what regulatory bodies recommend. 
Although this was a rapid review, implemented within a short time, it did allow for some important conclusions to be 
drawn: foodborne disease (FBD) hazards or hazard proxies are common in animals, food, and people in EA; bacterial 
hazards are more reported than viral, parasitic, or chemical hazards; Salmonella spp, toxigenic E. coli, Campylobacter 
spp and Taenia solium are important hazards. Consumption of raw milk, vegetables eaten without cooking as well as 
unhygienically handled cooked meat are important matrices for FBD transmission. Surveillance and reporting of FBD is 
weak and needs urgent strengthening.
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1.0 Introduction 
Food is essential for life and livelihoods and must be safe to support health and nutrition. For a long time, the health 
burden associated with foodborne diseases (FBD) was less known and often underestimated. In 2010, the Foodborne 
Disease Burden Epidemiology Reference Group (FERG) under the aegis of the World Health Organization (WHO) 
analysed a total of 31 FBD hazards and estimated that these caused 600 million illnesses and 420,000 deaths, resulting 
in a burden of 33 million disability-adjusted life years (DALYs) (WHO 2015). DALYs are a measure of disease burden 
in the population. They combine losses due to mortality and morbidity and are computed by summing the number of 
years of life lost (YLL) due to premature mortality and the years lived with disability (YLD) due to sickness. One DALY 
is equivalent to one year of healthy life that is lost. A second part of the FERG study assessed the health burden of four 
heavy metals which were found to cause an additional more than 1 million illnesses, over 56,000 deaths, and more 
than 9 million DALYs (Gibb et al. 2019). Combined (approximately, because the two parts of the study used different 
methodologies), the health burden of FBD is around 42 million DALYs per year, comparable to the health burden of 
tuberculosis or malaria. The figure is conservative and likely an under-estimate of the real burden of foodborne disease 
(Yen et al. 2018).
Foodborne diseases can have both acute and chronic forms. In the first part of the FERG study, the most frequent 
(91%) causes of foodborne illnesses were diarrhoeal disease agents (which were also responsible for 54% of the 
deaths) (Havelaar et al. 2015). The relationship between diarrhoea and malnutrition is bidirectional - diarrhoea leads 
to malnutrition and malnutrition makes worse the course of diarrhoea (Nel 2010). The malnutrition effect is through 
reduction in food intake, decreased nutrient absorption and metabolic insufficiencies (Martinez and Tomkins 1995). 
Children under five years bear a disproportionately high burden of FBD (40%) (Havelaar et al. 2015); because of their 
poorly developed immune systems, susceptibility to small pathogen doses, and their inability to judge food safety (Fung et 
al. 2018). Other vulnerable groups are the elderly, malnourished, pregnant and immunosuppressed (Grace 2015).
Africa is among the continents impacted most by FBDs (Havelaar et al. 2015). In monetary terms, the World Bank 
estimated the cost of unsafe food in the region to be USD16.7 billion, comprising productivity and treatment losses, 
but excluding costs that are not easy to quantify (Jaffee et al. 2019). Food safety is key to attaining several of the 
United Nations’ Sustainable Development Goals (SDGs), including zero hunger, health and well-being, clean water 
and sanitation, and responsible production. Trade in safe products not only safeguards human health but also supports 
national and regional economies. The African Union, under the 2014 Malabo Declaration on Agriculture and Postharvest 
Losses, plans to triple the intra-African trade in agricultural commodities and services by the year 2025. Food safety will 
need to be considered to ensure progress. Trade under the Africa Continental Free Trade Area (AfCFTA) started in 
January 20211. Food safety will be critical in sustaining the initiative. 
Most East African Community (EAC) partner states are in the WHO subregion ‘AFR E’ (as per the WHO burden study). 
The region has one of the highest shares of the FBD burden, and a review of foodborne diseases and hazards present 
in locally consumed products was deemed necessary, to not only understand the current situation but also identify 
priorities, and support risk management. The study was undertaken as part of the project ‘Situational Analysis of food 
safety control systems in East Africa Community member states’ with findings intended to add to the ongoing food safety 
1 https://www.un.org/africarenewal/magazine/january-2021/afcfta-africa-now-open-business
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work and inform decision-making, especially in defining value chain areas that should be targeted for investments. The 
region has a strategy on Food and Nutrition Security (2018-2022) which covers food safety; partner states need evidence 
to support its implementation. 
A food hazard is any agent that has the potential to cause ill health. Both biological and chemical hazards were considered 
in the review. Hazards are different from risks. Risk considers the probability of an agent to cause disease when one 
is exposed to it, and the magnitude of the resulting effects. It can be qualitative or quantitative depending on the 
assessment criteria used. It is possible for a hazard contamination level to be low yet its risk to human health is high, and 
vice versa. Some studies report presence of microbes which may or may not be pathogenic; for example, the presence 
of Enterobacteriaceae indicates faecal bacteria are present, some of which may be pathogenic (for example, hazards) and 
some commensals (for example, not hazards): we refer to these as hazard proxies. 
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2.0 Study design 
2.1 Rapid review methodology
Because the review needed to be done within a short period, we chose a ‘rapid review’ approach, rather than a 
systematic literature review (SLR) which would have taken longer (Khangura et al. 2012). SLRs are not appropriate 
where evidence is urgently required and rapid reviews are an option to reducing the time constrain associated with SLRs 
(Kaltenthaler et al. 2016); as was the case in our study. 
We additionally extracted information relevant to FBD in East Africa from FERG, which remains the most reliable source 
of information on health burden. A separate review was done to capture studies on aflatoxins and chemical hazards.. 
2.2 Description of  the search process
We defined key words and combined them into appropriate syntaxes. We conducted searches in PubMed and Google 
Scholar (GS), except for Tanzania, where, CAB Direct was used in place of GS (for technical reasons as the system could 
not run at the time the search was applied for other countries). For GS, short syntaxes were developed and applied, and 
sorted by relevance. For each, we considered the first 100 hits. However, for Uganda, Rwanda, and Burundi, because of 
the limited time available, the GS search was restricted to syntaxes yielding the largest number of hits (top three). We 
identified and removed duplicates (after results from the different databases were combined). Titles were screened by 
one person and were judged as either acceptable or not acceptable. Abstracts linked to acceptable titles were screened 
by two reviewers, independently, after which the files with reviewer decisions were combined. The reviewers addressed 
the inconsistencies in their decisions and agreed on the ones to include or exclude from the review. A third reviewer 
assessed the excluded papers as well as papers where the reviewers had differed in their decisions and made a final 
decision on which to take to the next stage of review. Additional papers were then sought and added to the template of 
the respective country, after checking to be sure they had not been captured in the main review. 
All full papers were reviewed and a decision on those to accept or reject was made. Quality assessment was subjective 
and was based on clarity of the study design, analyses of the data, and presentation of the results. Because of the limited 
time available to the research team, full paper review and quality assessment were done at the same time (meaning that 
an acceptable full paper was also of good quality and was recommended for data extraction). We focused on papers that 
were specific on hazard type and those that indicated the number of samples tested and those that were found positive. 
Studies that mentioned indicators of food quality as the only outcome (coliform counts, total bacteria) were excluded 
from the rapid review. We extracted data from a few abstracts (the ones found relevant but whose full papers were not 
available for review, but still gave the required information). 
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2.3 Inclusion and exclusion criteria
The included papers were those published between 2000 and 2020, presented in English, and were related to FBD 
and hazard or hazard proxy occurrence in the six East African countries (namely Burundi, Rwanda, Tanzania, Uganda, 
South Sudan and Kenya). We did not search for papers published in French, which might have excluded relevant 
papers (especially for research done in Rwanda and Burundi). We excluded studies that did not consider food hazards, 
experiments, focused on antimicrobial resistance, and studies outside of EAC. For microbial papers, we only considered 
records that specified the number of samples analysed and reported results (positive or negative).
2.4 Data extraction and presentation
Data were extracted from eligible publications and entered in a Microsoft Excel® template. At the start, two people 
extracted data from five of the publications, reviewed the entries in a meeting with a third reviewer, then proceeded to 
extract data for specific countries, individually. Virtual meetings, by the reviewers, were planned each week to discuss 
progress as well as review papers that the data extraction pair had found challenging to manage. The following data were 
extracted (where available): author and title, year data were collected, country, region within the country, type of study, 
sampling method used, what was studied (animals, humans, food), type of hazard (or proxy), name of the hazard (or 
proxy), number of samples analysed, number of samples that were positive, test used, and indications of disease burden. 
Descriptive analyses, including frequency tables, graphs, etc. were used to summarize data by country, what was studied 
(humans, animals, food), and hazard type. A meta-analysis was not performed given that this was a rapid review, using an 
approach that did not strictly adhere to the documented SLR protocol. 
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3.0 Results 
3.1 Number of  reviewed publications 
For the rapid review, we extracted data from 72 publications, most of which were from studies in Kenya and Tanzania 
(Table 1) (excludes the two papers from South Sudan which are presented in the results). In Burundi, none of the 
retrieved studies was found to be eligible for data extraction (and a Google search targeting studies mentioned in 
a previous project report did not return any results). However, several abstracts reported in French from PubMed 
suggested Salmonella spp had been detected in people and animals, and Shigella (one study in people). Twenty-six papers 
were added from other sources (from the reference session of included publications and from papers that the authors 
were aware of from past research on the topic). 
Table 1. Number of  papers considered at each stage of  the rapid review process, June–August 2020
Country Database Number of  titles screened Number of  
duplicates 
Number of  
abstracts 
screened 
Number of  
abstracts 
accepted




Tanzania PubMed 292 10 98 28 22  
CAB Direct 59
Kenya PubMed 390 30 370 58 29  
Google Scholar 1,071 (from a total of  26,796 
hits)
Uganda PubMed 184 19 182 26 15  
Google Scholar 300 (from a total of  20,530 hits)
Rwanda PubMed 19 9 139 26 6
Google Scholar 300 (from a total of  8499 hits)
Burundi PubMed 5 2 58 14 0
Google Scholar 300 (from a total of  4,587 hits)
The 72 papers yielded a total of 228 records; most were from studies in Kenya (39%) and Tanzania (37%). While most 
human studies were from Kenya (46%; n=90), food studies were the most frequent in Tanzania (54%; n=85), Uganda 
(37%; n=38) and Rwanda (60%; n=15). Thirty-three percent (75/228) of the records were from studies with designs 
that were either not mentioned or were considered unclear. Ten of the records (4%) were on outbreak investigations. 
Faeces from humans and animals (39%), meat (16%), milk (16%), serum from animals and humans (9%) and vegetables 
(7%) (n=228) were among the samples analysed. Animals were sampled either at the farm or at the slaughterhouse level 
(before slaughter). They included cattle (37%) and pigs (49%).
The records were from studies involving animals (51/228), food (95/ 228), humans (65/228) and vegetables (15/228) 
samples. They reported on bacteria (72%), chemicals (2%), parasites (22%) and viruses (4%). Escherichia coli (25%; 42), 
Campylobacter spp (20%; 33), and Salmonella spp (18%; 30) were the most frequently reported bacteria (n=165). Three of 
the E. coli records were positive for E. coli O157 (Table 2) (one from milk, one from infant food, one from cattle faeces).
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Table 2. Summary of  pathogenic E. coli reports found in the review




% positive Reference 
Shiga toxin-
producing E. coli
Uganda healthy cattle 159 45 28 Mulindwa et al. (2001)
Shiga toxin-
producing E. coli
Kenya food handlers working in a 
hotel 
1,399 2 0.1 Oundo et al. (2008)
Enteropathogenic 
E. Coli
Kenya Infants attending hospital 862 75 9 Saidi et al. (1997)
Enterotoxigenic 
E. coli
Kenya Infants attending hospital 862 43 5 Saidi et al. (1997)
Shiga toxin-
producing E. coli
Kenya Infants attending hospital 862 1 0.1 Saidi et al. (1997)
E. coli O157 Tanzania Dairy 109 10 9 Schoder et al. (2013)
E. coli O157 Kenya Cattle 285 15 5 Kangethe et al. (2007)
E. coli O157 Kenya Infant foods 127 21 17 Tsai et al. (2019)
Most of the Salmonella spp reports (15/ 27) did not specify the species or serotype (however, five isolates specified non-
typhoid Salmonella, four S. enteritidis, one S. gallinarum, and one S. typhi). Chemicals (n=5) (reported in the rapid review 
part of the study) included antibiotic residues, all of which were reported in milk. Toxins of Clostridium botulinum were 
reported in an outbreak investigation study in Uganda. Adenovirus, sapovirus, rotavirus and norovirus were among the 
viruses reported in the review. 
3.2 Foodborne pathogens found in animal and human 
studies 
Campylobacter spp (16%), E. coli (16%), and parasites (31%) were the most frequently reported pathogens in the animal 
and human records (n=116),overall (Figure 1)2. 
Figure 1. Records of  foodborne bacterial pathogens reported in humans and animal studies, rapid review, June–August 
2020. 
3.2.1 Evidence from animal studies 
Nonga et al. (2009) examined faeces from 107 slaughter cattle in Tanzania and found six (5.6%) to be positive for 
Campylobacter spp (five were C. jejuni and one was C. coli). Kashoma et al. (2015) isolated Campylobacter spp in faeces 
of pigs (149/458; 32.5%) as well as in beef (68/214; 35.4%) and dairy (42/192; 19.6%) cattle. Mdegela et al. (2011) 
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examined 66 slaughter pigs and found 44 to also be positive for Campylobacter spp (most isolates, 74%, were C. jejuni). 
Escherichia coli was reported in 24% of human and 5% of animal samples. A study in peri-urban Nairobi involving cattle 
found E. coli O157:H7 in 15 of the 285 pooled faecal samples (5.2%) (Kangethe et al. 2007). A study in Uganda did not 
find any E .coli O157; the authors reported that 45 of the 159 cattle examined were positive for shiga toxin-producing E. 
coli (STEC) (Mulindwa et al. 2001). 
In an abattoir survey in Tanzania, Luwumba et al. (2019) reported a brucellosis prevalence of 7.5% (14/190) in cattle 
and 1.5% (3/200) in goats, using the Rose Bengal test (4.7% of cattle were positive when tested using enzyme-linked 
immunosorbent assay (ELISA) and none of the goats tested positive). Non-typhoid salmonella was investigated in 237 
layer farms in Uganda (Odoch et al. 2017); 78 (n=366 samples) were found to be positive (20% of the farms had a 
positive finding). The isolates were diverse, and included S. newport (30.8%), S. hadar (14.1%), S. aberdeen (12.8%), S. 
heidelberg (12.8%), and S. bolton (12. 8%). Out of the 997 pigs examined for mycobacterium in Uganda, 93 (or 9.3% of 
total) were positive by necropsy and 32 (or 3.1%) by culture (Muwonge et al. 2010). 
Foodborne parasites constituted 49% (n=51) of animal records. In the study by Braae et al. (2014), in Mbeya District of 
Tanzania, pigs were sampled at baseline (n=822 pigs), during follow-up in six (n=812) and 14 months (n=998) after the 
study started. The number of pigs positive for T. solium cysticercosis, by Ag ELISA, was 127 (15%), 198 (24%), and 202 
(20%) for the baseline, six-month, and eight-month periods, respectively. Previous T. solium cysticercosis studies in Kenya 
are summarized in Table 3. 
Table 3. Occurrence of  Taenia solium cysticercosis in pigs in Kenya, rapid literature review, June–July 2020




% positive (or the 
crude prevalence)
Test method used Authors 
Farm 107 15 14 tongue examination Githigia et al. (2005)
Farm 505 33 6.5 tongue examination Mutua et al. (2007)
Farm 284 11 4 Ag ELISA Kagira et al. (2010)
Slaughter 343 171 49.9 HP10 Ag ELISA Thomas et al. (2016)
343 19 5.5 tongue examination
Farm 232 76 32.8 Ag ELISA Eshitera et al. (2012)
392 22 5.6 tongue examination
Slaughter 700 61 11 Ag ELISA Akoko et al. (2019)
Slaughter 276 12 4.3 Ag ELISA Nguhiu et al. (2017)
Cryptosporidium spp, Toxoplasma spp, Trichinella spp and ascarids were additionally reported (Table 4).
Table 4: Parasite occurrence in animals, rapid literature review, June–July 2020






% positive Reference 
Tanzania Cryptosporidium parvum Cattle 942
202
0.5 Kusiluka et al. (2005)
Giardia lamblia 1.5










Parsons et al. (2015)
Tanzania Toxoplasma gondii Goats 337 64 19.3 Swai and Kaaya (2013)
Tanzania Ascaris suum Pigs 70 31 44.3 Ngowi et al. (2004)
Echinococcus granulosum 3 4.3
Taenia hydatigena 1 1.4
Uganda Trichinella spp Pigs 1,125 78 6.9 Roesel et al. (2016)
3.2.2 Evidence from human studies 
O’Reilly et al. (2012) reported non-typhoidal Salmonella spp (10%; 118/1,137), Campylobacter (5%; 57/1,137), and 
Shigella (4%; 42/1,137) in children hospitalized in western Kenya. In Nyagatare, eastern Rwanda, of the samples taken 
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from women presenting with symptoms of brucellosis (n=198), 6.1% tested positive (Gafirita et al. 2017). In Ijara, Kenya, 
Kiambi et al. (2020) found 60 (15.4% of 386) patients with febrile symptoms to be positive for Brucella, using real-time 
PCR. In the study by Madut et al. (2019) in the Bahr el Ghazal region of South Sudan, slaughterhouse workers (n= 234) 
were screened for Brucella antibodies; 32.1% were sero-positive for brucellosis. Wainaina et al. (2020) analysed stool 
samples from 283 food handlers in Nairobi and found 43 (15.2%) to be positive for norovirus.
Foodborne parasites constituted 18% (n=65) of human records. In Kongwa District of Tanzania, Eom et al. (2011) analysed 
a total of 1,057 faecal samples, and confirmed two as T. solium and three as T. saginata. Analysis of stool samples (of food 
handlers) in Kisii, Kenya, found 41% (n=168); Entamoeba histolytica (12%), A. lumbricoides (13%), hookworms (7.7%), and 
G. lamblia (3.6%) (Nyarango et al. 2008). Sparganosis, a parasitic infection caused by larvae of tapeworms belonging to the 
Spirometra genus (Galán-Puchades, 2019), was reported in South Sudan by Eberhard et al. (2015). 
A few foodborne outbreak investigation studies were reported including anthrax, botulism and cholera (Table 5). 
Table 5. Disease outbreak reports, rapid literature review, June–July 2020
Country Nature of  the 
outbreak 
Number 
of  cases 
reported 
Number of  
deaths 
Implicated cause of  the outbreak Reference 
Uganda Gastrointestinal 
anthrax
61 0 Consumption of  meat from a sick cow; 82% 
of  the cases (n=50) and 12% of  the controls 
(n=100) consumed meat from the implicated 
butchery
Nakanwagi et al. 
(2020)
Uganda Foodborne 
botulism in a 
school 
3 1 home-made oil-based condiment  Viray et al. (2015)
Rwanda Salmonellosis 129 0 Food served at a church function Nzabahimana et al. 
(2014)
Uganda Cholera 61 0 97% (n=32) of  the cases obtained their 
drinking water from a specific water-
collection site; 62% (n=128) of  the controls 
obtained water from the same water point 
(ORMH=4.8; 95% CI=2.4–107)
Pande et al. (2018)
Uganda Cholera 183 2 94% of  the cases (n=49) and 79% (n=201) 
of  the controls drank water that was neither 
boiled nor treated (ORMH=4.8; 95% CI=1.3–
18).
Kwesiga et al. (2018)
Uganda Cholera 122 2 69% (42/61) of  the cases and 33% (41/126) 
of  the controls collected water from a point 
along Lake Albert (OR=6.7; 95% CI: 2.5 –17).
Oguttu et al. (2017)
Uganda Cholera 222 3 The outbreak was thought to have been 
triggered by washing away of  latrines by 
floods
Iramiot et al. (2019)
3.3 Foodborne hazards in animal-source foods
Several bacterial hazards were reported (summarized in Table 6; n=77). Staphylococcus spp (16%), E. coli (18%), and 
Campylobacter spp (18%) were the most frequently reported ones. Nonga et al. (2015) analysed 40 milk samples (11 
boiled, 29 raw) and found 25 (62.5%) positive for E. coli (60% had total viable counts higher than recommended limits). 
Five of the positive samples were from milk that had been boiled. Bacillus cereus was confirmed in milk sampled in Dar 
es Salaam (Kivaria et al. 2006) while 50% (n=59) of milk samples collected and analysed by Swai and Schoonman (2011) 
in Tanga, were positive for Brucella. Enterobacter aerogenes and Enterococcus foecalis in milk was reported by Kivaria 
et al. (2006). None of the milk samples analysed by Kamana et al. (2014) and Schoder et al. (2013) were positive for 
pathogenic Listeria monocytogenes. 
Antimicrobial residues were reported in 4.5% (n=67) of the milk samples analysed by Mdegela et al. (2009). In an earlier 
study, in Dar es Salaam, nine of the 128 (7%) samples analysed by Kivaria et al. (2006) were positive for drug residues. 
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Ngasala et al. (2015) did not find any positive samples out of the 35 milk samples they analysed. In Kenya, Shitandi and 
Sternesjö (2001) found 165 milk samples positive for penicillin residues (14.9%; n=1109); 118 samples exceeded the EU 
limits. Ekuttan et al. (2007) reported an antibiotic residue prevalence of 4% (11/259) in samples taken from dairy farms 
in Dagoretti, Nairobi, and 0.07% (1/136) in samples from neighbouring non-dairy households. 
Table 6. Hazard contamination in milk and meat consumed in selected EAC countries, rapid review, June– July 2020




% positive Country Reference
Staphylococcus spp Raw milk 109 46 42.2 Tanzania Schoder et al. (2013)
Listeria seeligeri Raw milk 109 2 1.8
Salmonella spp Raw milk 109 1 0.9
E. coli O157:H7 Raw milk 109 10 9
Staphylococcus aureus Milk 128 8 6.3 Tanzania Kivaria et al. (2006)
Staphylococcus aureus Milk along value 
chain 
330 175 53 Rwanda Kamana et al. (2014)
Staphylococcus aureus Milk 603 85 14 Kenya Omwenga et al. (2019)
Staphylococcus aureus Raw milk 148 30 20.3 Uganda Asiimwe et al. (2017)
Sour milk 91 11 12.1
Staphylococcus aureus RTE goat meat 20 17 85 Uganda Bagumire and Karumuna 
(2017)RTE beef  20 17 85
RTE chicken 20 17 75
Salmonella spp Beef 150 35 23.3 Rwanda Niyonzima et al. (2018)
Goat or mutton 48 6 12.5
Chicken 36 8 22
Pork 24 4 16
Salmonella spp Boiled beef 150 8 5.3 Rwanda Niyonzima et al. (2017)
Grilled goat 84 16 19
Fried pork 30 6 20
Grilled chicken 20 3 15
Grilled rabbit 16 2 11
Campylobacter spp Carcass – ham 107 1 0.9 Tanzania Nonga et al. (2009)
Carcass – neck 107 2 1.9
Carcass – pelvis 107 4 3.7
Carcass – thigh 107 3 2.8
Campylobacter spp Raw milk 284 38 13.4 Tanzania Kashoma et al. (2016)
Carcass – cattle 253 24 9.5
3.4 Foodborne disease hazards in vegetables 
The most frequently documented hazard was Salmonella (n=15; 33%) (Figure 2). In Morogoro, Tanzania, Hounmanou et 
al. (2016) reported Vibrio cholerae O1 in 21.7% (n=60) of Chinese cabbage samples. Ssemanda et al. (2018) investigated 
vegetables sampled from farms in Rwanda (n=99), and found them to be contaminated with Listeria monocytogenes 
(1%), Campylobacter spp (3%), Salmonella spp (5.1%), and pathogenic E. coli (6.1%). Ascaris eggs were reported in 
leafy vegetable samples analysed by Steinbaum et al. (2017) (3.5%; 5/143). Contamination of ‘kachumbari’ (a type 
of vegetable salad) with Salmonella was reported in the study by Imathiu (2018) (19%; 16/86). In a study involving 77 
pork butcheries in Uganda, Heilmann et al. (2015) isolated Salmonella enteritidis in tomatoes (8%; n=77), cabbages (5%; 
n=77), and onions (1%; n=77). Nyarango et al. (2008) assessed vegetables in Kisii, Kenya, and found 65.5% (n=84) to be 
contaminated with intestinal parasites. 
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4.0 Aflatoxins and chemical hazards
FERG has included several chemical hazards in the global estimate for burden of foodborne disease. These include 
aflatoxins, arsenic (Ar), lead (Pb), cadmium (Cd), methylmercury, peanut allergens and dioxins (Havelaar et al. 2015; 
Gibb et al. 2019). In East Africa the most commonly documented hazards are mycotoxins, heavy metals, pesticide 
residues and veterinary drug residues.
4.1 Aflatoxin and their health impacts 
Aflatoxins are among the mycotoxins prevalent in the East African region. Most studies have been done in Kenya, 
probably because of the outbreak in 2004 (Azziz-Baumgartner et al., 2005; Lewis et al. 2005; Probst et al. 2007). The 
outbreak occurred during a time of severe hunger and was one of the most severe episodes of acute human aflatoxin 
poisoning in history (317 cases were reported; the case fatality rate was 39%). However, there has been numerous 
reports on aflatoxin occurrence in all the five EAC countries (Table 7) resulting in a relatively high donor investment in 
this area (GFSP 2019). 
According to published studies, a substantial proportion of samples tested for aflatoxins exceed national standards: 
typically, by 10–50%. But country standards may be stricter than WHO standards. In practice, standards are rarely 
enforced. Although typically, most samples do not exceed standards by large amounts, in outbreak situations, maize may 
contain massive amounts of aflatoxins. One interesting study (Sirma et al. 2018) found that if standards were enforced in 
Kenya, and in the absence of other interventions to replace the staple food discarded, the population would have a maize 
shortage of 22% leading to millions of death from starvation unless maize could be sourced elsewhere; on the other 
hand, the strict enforcement of standards would save around 1,400 lives a year from averted liver cancer.
Fewer studies have assessed the impact of aflatoxins on human health, and those that have been conducted agree 
with the FERG data that aflatoxins are a minor cause of health burden (in comparison to other foodborne hazards). 
However, the association between aflatoxins and childhood stunting has not been fully elucidated: it may be explained by 
correlation or causation. If the relation is causal, the health impacts would be considerably higher.
4.1.1 Aflatoxin contamination in milk 
A cross-sectional study of aflatoxin contamination of milk and dairy feeds in five counties in Kenya, representing different 
agro-ecological zones, was carried out. Consumption of AFB1-contaminated feeds by dairy animals can lead to release of 
AFM1 in milk. The dairy feed concentrates from farmers had AFB1 levels ranging from less than one part per billion (ppb) 
to 9,661 ppb and the positive samples ranged from 47.8 to 90.3%. The proportion of milk samples with AFM1 above 
the WHO/FAO standard of 50 parts per trillion (ppt) varied from 3.4% (Kwale) to 26.2% (Tharaka-Nithi); the highest 
concentration was 6,999 ppt (Senerwa et al. 2016). 
A probabilistic survey was conducted of informal raw milk vendors in Nairobi. The cELISA test found the mean 
concentration of AFM1 was 128.7 parts per trillion (ppt) (median=49.9; 95% confidence interval=3.0–822.8) with a 
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maximum of 1,675 ppt. Overall, 55% of samples exceeded the European Union (EU) maximum level of 50 ppt and 6% 
exceeded the recommended maximum level of the United States Food and Drug Administration of 500 ppt (Kirino et 
al. 2016). Another survey in peri-urban Nairobi reported contamination in 99% percent of the samples analysed. The 
mean aflatoxin level was 84 ng/kg; 64% of the samples exceeded the EU legal limit (Kagera et al. 2019). An earlier study 
reported a geometric mean of 62 ppt, in low income areas (n=135), and 36 ppt in high income areas (n=156) of Nairobi, 
and observed a significant seasonal variation in aflatoxin content (Lindahl et al. 2018). 
Milk and dairy products sampled from Burundi had aflatoxin levels ranging from 5–261ng/kg (Udomkun et al. 2018). The 
average contamination in fresh milk and yoghurt was 89.25±25 ng/kg and 88.02±1.28 ng/kg, respectively. Fresh milk 
and yoghurt samples (total of 30%) exceeded the EU limit of, while 20% of the cheese samples were above 250ng/kg 
(Udomkun et al. 2018).
4.1.2 Aflatoxin contamination in staple foods 
A summary of aflatoxin contamination in selected commodities is given in Table 7. In Tanzania, in a longitudinal study 
lasting more than two years, 6.4% of Bambara nut were found to exceed the regulatory standard immediately after 
harvest, but 62.5% to were over the standard after storage. Likewise, only 2% of harvested sunflower seeds were over 
standard, but the frequency increased to 61% after storage; groundnuts 19% were over the standard after harvest, and 
82 % after storage (Seetha et al. 2017). High levels of aflatoxins in sunflower seeds, up to 662 ppb, have been reported 
in Tanzania (Mmongoyo et al. 2017). In northern Uganda, sampled groundnuts had a mean aflatoxin level of 2.4 ppb and 
over 70% of the samples exceeded the EU limit of 4 ppb (Echodu et al. 2019). The same study reported contamination 
in sorghum (11.8 ±1.8 μg/kg), millet (3.9 ± 1.1 μg/kg) and sesame (3.2 ± 2.1 μg/kg). In Burundi, all groundnuts from 
samples the markets were found to be contaminated with aflatoxin with an average concentration of 7 ppb (for the 
grain), 220.3 ppb (roasted) and 824 ppb (for the processed flour). (Udomkun et al. 2018). Grosshagauer et al. (2020) 
reported aflatoxin contamination in complementary foods in Rwanda. High levels were reported in nine of the 17 
samples: 294 μg/kg and 229 μg/kg for total and aflatoxin B1 respectively. 
4.1.3 Risk assessment studies 
Results show that aflatoxin exposure from milk contributes relatively little to the incidence of liver cancer. One study 
found the annual incidence rates of cancer attributed to the consumption of AFM1 in milk in rural areas to be around 
0.003 cases per 100,000 people per year (Sirma et al. 2019). Another study estimated the risk of AFM1 in urban areas to 
be 0.004 cases per 100,000 people per year (Ahlberg et al. 2018). A quantitative risk assessment on the risk of aflatoxin 
from maize consumed in Kenya estimated 1,346 cases of liver cancer from maize, 35 cases from millet and sorghum, and 
5 cases from milk in Kenya in 2016 (Sirma et al. 2018).
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Table 7: Occurrence of  aflatoxin in staples in East African countries
Country Region Food product Level of  
contamination
(ppb)
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4.2 Pesticides, heavy metal residues, and other chemicals
Omwenga et al. (2021) reported organophosphates (OP) and carbamate contamination in vegetable samples collected 
from Nairobi (spinach, tomatoes, French beans and kales). OP pesticides were detected in 22% of the samples and 
profenofos, chlorpyrifos, acephate, methamidophos and omethoate were the most frequently detected pesticides. The 
EU limits were exceeded in 8–33% of the vegetable samples. Kunyanga et al. (2018) reported dimethoate, metalaxyl, 
bifenthrin, cyromazine, metribuzin and pyrimethamil in commonly consumed vegetables including kales, amaranth leaves, 
and tomatoes. Thiabendazole was detected in samples of mangoes, however, this is not considered hazardous since 
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it is applied on the peels which are normally not consumed. In Tanzania, Kapeleka et al. (2020) analysed a total of 613 
vegetable samples and found 47% to be contaminated with pesticide residues with 74.2% having levels that the exceeded 
maximum residue limits (MRLs). The main contaminants were organophosphorus, organochlorines, pyrethroids and 
carbamates. 
Kunyanga et al. (2018) reported presence of lead in sampled fruits and vegetables in the range of 0.01 to above 0.06 
mg/100g. Cadmium was also detected in all samples but at concentrations lower than 0.01mg/100g. Amaranth leaves, 
cabbage, scarlet eggplant and tomato samples were collected from five open-air markets in Bushenyi District, Uganda. 
Analysis of heavy metals was performed using atomic absorption spectrophotometer. Nickel, lead, chromium and 
cadmium were detected in decreasing order of concentration in all samples. Lead and nickel significantly exceeded the 
WHO limits in all the sample species (Kasozi et al. 2021). Mukantwali et al. (2014) studied heavy metal contamination 
in pineapple products produced by small and medium processors in Rwanda. Lead concentration in the pineapple syrup 
was 11 to 18 times higher than the permissible limit of 0.05 mg/kg. Levels of copper, zinc and cadmium in the jam were 
above the permissible levels and ranged from 0.63 to 2.47 (0.03) mg/kg for copper; 0.82 to 3.55 (0.05) mg/kg for zinc 
and 0.01 to 1.46 (0.01) mg/kg for cadmium. 
Water and sun-dried fish samples from 10 different landing sites along Lake Victoria and Lake Kyoga, Uganda, were 
analysed for heavy metal presence using atomic absorption spectrophotometry (Mbabazi and Wasswa 2010). Total 
mean levels, in µg ml−1, in water samples from Lake Victoria were 1.478 ± 0.076 (zinc), 1.123 ± 0.208 (copper), 0.093 
± 0.019 (cadmium), and 1.054 ± 0.165 (lead). The maximum permissible limits in drinking water are Zn = 3; Cu = 2; 
Cd = 0.003; Pb = 0.01 µg ml−1 (WHO, 2008). Concentration (µg g−1) in the silver fish was 5.64 ± 2.16 (Zn), 3.43 ± 
2.18 (Cu), 0.57 ± 0.09 (Cd) and 0.17 ± 0.05 (Pb). Cadmium levels were beyond the recommended levels of 0.05–0.3 
(Öztürk et al. 2009). Silver fish (Rastreneobola argentea), locally known as mukene, is widely consumed in Uganda. 
Rao and Murthy (2017) determined heavy metal concentration in milk sampled from urban farms in Dodoma, Tanzania. 
Except for cobalt which was detected at 0.11 ± 0.03ppm, the levels of copper and zinc were found to be within the 
recommended daily intake levels (the calculated daily intake of cobalt was 13.4 µg/day while the recommended is 5–8 
µg/day). Another study in in Entebbe and Kampala, Uganda, analysed heavy metal contamination in raw milk samples 
collected from dairy farms and shops. Lead (1.57±0.41), zinc (1.43±0.75) and cadmium (0.16±0.08) were found to 
exceed the recommended daily allowance intake (RDA) (William et al. 2011). 
A total of 49 infant formulae milk powder samples (imports to EAC markets, informal micro-retailers in informal 
markets) from Dar es Salaam were tested for presence of melamine using AgraQuant melamine sensitive test. Six 
percent of the total samples (3 out of 49) and 11% (3 out of 27) of those supplied by international brands had melamine 
concentration ranging between 0.5 and 5.5 mg/kg which was above the tolerable daily intake (TD1) of 0.2mg/kg 
(Schoder 2010). 
A cyanide poisoning outbreak was reported in Kasese District, Uganda, in September 2017. A cassava-based dish made 
from wild cassava cultivar flour consumed during a community gathering was implicated. About 100 probable cases were 
investigated with a case fatality rate of 2%; 33 persons were hospitalized with symptoms such as vomiting, malaise, dizziness, 
diarrhoea and abdominal pain. Officials from the Ministry of Public Health withdrew cassava flour from local wholesalers 
and retailers where the victims said they had obtained their flour (Alitubeera et al. 2019). In Kenya, Rostrup et al. (2016) 
describes a case of methanol poisoning, reported after consumption of homemade illicit brew. Separately, 314 and 126 
cases were reported in the months of May and June 2014, with case fatality rates of about 30% and 20%, respectively. 
The East African Rift Valley runs through several EA countries such as South Sudan, Kenya, Uganda and Tanzania. Due to 
active volcanic activity along the Rift Valley, many drinking water sources are contaminated with elevated levels of fluoride 
leading to dental and skeletal fluorosis among consumers (Eirik, 2013). A summary of fluoride concentration in drinking 
water sources in the region is given below (Table 8). The values are compared against the WHO limit of 1.5 mg/l.
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Table 8: Occurrence of  fluoride in water in East African countries
Country Region Source of  
drinking water
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Oldonyosambu Ward Protected 
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13 samples 0.9–17.1 Shen et al. (2015)
Singida and Tabora Dams, wells, 
boreholes, lakes, 
spring, rainfall
85 samples 3.74 Smedley et al. (2002)
Rwanda Springs, 
boreholes, wells
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2.5–8.5 Moturi et al. (2002)
Elementaita Boreholes 9 sample points 12.11 Kahama et al. (1997)





128 samples 0.86 5.18–0.01 Wambu et al. (2014)
4.3 FERG estimates for EAC region 
FERG estimates are not available for individual countries but rather for WHO regions that are grouped on the basis of 
adult and child mortality, with E being the highest category. The top hazards (Table 9) are dominated by bacteria and 
viruses. Several of the hazards are zoonotic (e.g. non-typhoidal Salmonella, T. solium) and others, such as lead and Vibrio 
cholerae, are often found as contaminants of animal-source foods (ASFs). A median burden of 1,179 (726–1,754) DALYs 
per 100,000 of population was reported, which is far much higher than what was reported in subregions in developed 
countries, for example ‘EUR A’ had a burden of 41 (26-64) and ‘AMR A’ of 35 (23–49) DALYs per 100,000.
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Table 9: Disability-adjusted life years (DALYs) lost to foodborne disease in the Africa region (E) per 100,000 people
Foodborne hazard Common name for disease DALYs lost per 100,000 people  
Non-typhoidal S. enterica Non-typhoidal Salmonella (NTS) 193
Taenia solium Cysticercosis 176
Vibrio cholerae Cholera 143
Enteropathogenic E. coli Toxigenic E. coli disease 138
Enterotoxigenic E. coli Toxigenic E. coli disease 105
Lead Lead poisoning 82
Norovirus Norovirus diarrhoea 76
Campylobacter spp Campylobacteriosis 70
Salmonella typhi Typhoid 52
Shigella spp Shigellosis 37
Methylmercury Mercury poisoning 37
Mycobacterium bovis Zoonotic tuberculosis 34
Toxoplasma gondii Toxoplasmosis 20
Hepatitis A virus Hepatitis 18
Arsenic Arsenic poisoning 14
Cryptosporidium spp Cryptosporidiosis 12
Salmonella Paratyphi A Paratyphoid 12
Entamoeba histolytica Amoebiasis 5
Ascaris spp Roundworm infection 5
Aflatoxin Aflatoxicosis 3
Cassava cyanide Tropical ataxic neuropathy and konzo 3
Listeria monocytogenes Listeriosis 1
Cadmium Cadmium poisoning 1
Source: WHO (2015); Havelaar et al. (2015); Gibb et al. (2019)
3  Only hazards resulting in a loss of one or more DALYs per 100,000 people were included
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5.0 Discussion 
Food is essential and its safety concerns everyone. The best evidence on the burden associated with unsafe food is that 
provided by FERG, based on the 2010 data. The estimates are, however, not available for individual countries but rather 
for WHO regions that are grouped on the basis of adult and child mortality, with E being the subregion with the highest 
mortality levels (Havelaar et al. 2015). The AFR E region (the focus for the current review) comprises of Botswana, 
Burundi, Central African Republic, Congo, Côte d'Ivoire, Democratic Republic of the Congo, Eritrea, Ethiopia, Kenya, 
Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, Uganda, United Republic of Tanzania, 
Zambia, and Zimbabwe. The included EAC partner states (Burundi, Kenya, Rwanda, Uganda, Tanzania) account for one 
quarter of the AFR E countries and nearly a third of its population, suggesting that FERG data might give some insight into 
the burden of FBD in the EAC. In the future, establishing detailed country- and region-specific data will be useful for risk 
and FBD burden assessment, and consequently in determining public health priorities. 
Animal-source foods are responsible for many, and perhaps most, of FBD (Grace et al. 2018). Li et al. (2019) put the 
global burden associated with consumption of ASFs at 168 DALYs per 100,000 population (equivalent to 35% of the 
global burden of FBD), but this did not include non-zoonotic pathogens which are common in ASF as it provides a 
good matrix for pathogen survival. Also, hazards with animal reservoirs have been shown to have a higher proportion 
of illnesses attributable to food than those involving human-human or waterborne transmission (Hald et al. 2016). The 
WHO attribution study (Hoffmann et al. 2017) reported the percentage of pathogens transmitted through different 
foods including vegetables; it, however, did not consider meat that was contaminated by non-zoonotic pathogens, 
missing an important intervention point. Meat is likely to be contaminated during slaughter especially where good 
slaughter practices are not observed and cross-contamination is a possibility at both retail and household level. In most 
cases, food contamination occurs naturally, by toxins and environmental pollutants or during the processing, packaging, 
preparing, storage, and transportation of food (Rather et al.2017).Processed products are more likely to contain 
chemical contaminants than the biological ones (Grace 2015).
The hazards found compare with what has been reported globally and justify the need for further research. The WHO 
study found Campylobacter spp, pathogenic E. coli, non-typhoidal Salmonella (NTS), and Shigella as the main bacterial 
agents associated with foodborne diarrhoea (Havelaar et al. 2015). Animals are implicated in transmission of these 
pathogens. Salmonella has been reported in meat products more than any other foodstuff with poultry and poultry 
products presenting the greatest risks of exposure (Ehuwa et al. 2021). Campylobacter -shedding animals, especially 
poultry, are an important source of food and water contamination (Gölz et al. 2014) with contamination occurring 
mostly during slaughter. Escherichia coli normally inhabits the gastrointestinal system of humans and animals. A few 
strains are pathogenic and can cause disease in humans (Donnenberg and Whittam 2001), including Enteropathogenic 
E. coli, which can cause diarrhoea and vomiting; STEC (associated with enterohaemorrhagic strains), which can cause 
haemorrhagic colitis and haemolytic uremic syndrome; enterotoxigenic E. coli, which can cause watery diarrhoea; 
and entero-invasive E. coli, which can also cause watery diarrhoea. Enterohaemorrhagic E. coli occurs as a result of 
consumption of foods tainted with animal faeces (Canpolat 2015). The burden associated with these strains, based on 
the WHO data, was 2,938,407 DALYs (for Enteropathogenic E. coli), 2,084,229 (Enterotoxigenic E. coli), and 12,953 
(for STEC). Non-typhoidal Salmonella (NTS) often cause gastroenteritis and, in immune-compromised individuals, 
bacteraemia and faecal infections (Pegues et al. 2001). Salmonella enterica serovar typhimurium and S. enterica serovar 
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enteritidis are the most frequently reported serotypes. Invasive NTS is an emerging public health issue in sub-Saharan 
Africa (SSA), especially in children and the immunocompromised individuals (Gordon 2012). According to Stanaway et 
al. (2019), a total of 535,000 (95%; 409 000–705 000) cases of invasive NTS occurred in 2017 and the highest incidence 
was in SSA. 
Staphylococcus aureus has been reported in several African countries in humans, animals and food products (Lozano 
et al. 2016). It should be noted that majority of S. aureus strains have the potential to produce enterotoxins (Bennet 
and Monday 2003) which are responsible for the virulence associated with the bacteria. Moreover, toxins are not 
destroyed by cooking. Methicillin-resistant S. aureus (MRSA) is increasingly being reported in East Africa (Joachim et al. 
2017; Masaisa et al. 2018; Wangai et al. 2019). Development of MRSA, both hospital- and community-acquired, present 
significant public health concerns (David et al. 2008). 
Noroviruses are a leading cause of gastroenteritis and can be fatal in vulnerable populations including children and the 
elderly (Glass et al. 2009). The WHO study found a burden of 2,496,078 (1,175,658–5,511,092) DALYs associated with 
the virus (Havelaar et al. 2015). 
Parasites found in the review included Cryptosporidia spp, Giardia spp, Taenia cysts, Ascaris, Entamoeba histolytica, 
and Trichinella spp. Cryptosporidium is a protozoa that is transmitted through the faecal-oral route, usually through 
food and water (Zahedi et al. 2016). The transmission of T. solium, which is endemic in many countries, involves pigs 
as the intermediate hosts and humans as the definitive hosts. Humans can also carry the larval stage, resulting to 
neurocysticercosis in the case where the cysts lodge in the brain (an important cause of epilepsy in developing countries) 
(Pall et al. 2000). Pig confinement, improvements in hygiene and sanitation, and meat inspection are required to break 
the cycle of spread. Exposure of trichinellosis in humans is through consumption of meat with viable T. spiralis cysts, 
when consumed raw or inadequately cooked (Robinson and Dalton 2009). The additional desk work also reported 
pesticides, heavy metals and aflatoxins, all of which are important for public health. Gibb et al. (2019) analysed the 
burden associated with four metals and found them to have caused a total of 1,122,436 (333,683–3,899, 318) illnesses 
and 56,192 (14,299–98,806) deaths resulting to over 9 million DALYs. Fifty-four per cent of the cases were due to lead, 
96% of the deaths were due to arsenic (none for lead and methylmercury), and 60% of the DALYs were attributed to 
lead (of the 9,164,162). 
An overview of FBD hazard occurrence in the East African region has been given, however, data on some key hazards 
are limited. Similar hazards were found to occur in humans, animals and foods, showing the need for a One Health 
approach to manage them. Additional research is recommended to confirm the occurrence of these pathogens and 
determine characteristics that may inform future control measures. Although national governments have a role to 
play in ensuring food safety, the contribution of other players in the value chain including the private sector should be 
emphasized. Based on the work by the International Livestock Research Institute (ILRI) and partners, three factors are 
key to successful implementation of dairy projects namely, training of market actors, providing an enabling regulatory 
environment, and considering incentives that would support behaviour change (Grace et al. 2019). A farm-to-fork 
approach is recommended. An effective risk management system will require intervening at every stage of the food 
value chain, not just regulating the end product (Allard 2002; Burlingame and Pineiro 2007). Equity is another important 
consideration (Grace 2015). Any measure that is proposed should be risk-based. It has been shown that about 61% of 
infectious diseases are zoonotic (as are 75% of emerging pathogens) (Taylor et al. 2001). The potential for One Health in 
disease mitigation ought to be considered. 
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6.0 Conclusion 
The current review was implemented within a short time, but that notwithstanding, important information was obtained 
which can inform future research and policy decisions on food safety. The findings are expected to add to ongoing food 
safety work in the region and contribute to the implementation of the current EAC’s strategy on food and nutrition 
security. A follow up research activity is proposed to confirm the literature findings and provide evidence where 
significant data gaps have been found (e.g. in Burundi and South Sudan). A risk assessment would then be planned to 
determine the priority hazards, based on the risks they pose to public health, and subsequently, guide their management. 
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